Objectives. To quantify the risk of cancer and compare it with that for the general population in a modern cohort of UK patients with RA and to identify risk factors for cancer among this cohort.
Introduction
It has long been recognized that patients with RA have an increased risk of certain types of cancer [1] . A recent meta-analysis of observational studies of RA patients published during 19902007, including studies of anti-TNF-treated patients, found an overall 5% increased risk of cancer [2] . There was an increased risk of lung cancer and lymphoma but a reduced risk of colorectal and breast cancer [2] . In part, these differing directions of risk may be related to disease severity or treatment options. For example, in the case of lymphoma, increased inflammation is associated with an increased risk [3] . NSAIDs are associated with a reduced risk of colon cancer [4] . Over the past 15 years the introduction of biologic therapies to the management of RA has again raised concerns about the risk of cancer in RA, particularly with respect to anti-TNF therapies due to the role of TNF in tumour surveillance. Concurrently there have also been significant changes in the overall way that RA is managed, with an earlier and more aggressive approach to disease control [5, 6] . Therefore, in order to place the risk of cancers observed under anti-TNF therapy in context, it is important to understand further the underlying risk of cancer in patients treated with non-biologic therapies in the 21st century. The purpose of this analysis is to (i) quantify the risk of cancer and compare it with the general population in a modern cohort of UK biologic-naïve RA patients recruited and followed prospectively since 2001 and (ii) identify risk factors for cancer among this cohort.
Methods

Patients
Patients included in this study were participants in the British Society for Rheumatology Biologics Register (BSRBR), which was established primarily to assess the long-term safety of biologic therapies in RA [7] . A cohort of nearly 4000 biologic-naïve patients with RA receiving non-biologic disease-modifying therapy (nbDMARD) was recruited between 2002 and 2009. This cohort was recruited by the BSRBR Control Centre Consortium from 29 secondary or tertiary rheumatology centres from around the UK: England, 23; Northern Ireland, 2; Scotland, 2 and Wales, 2. Our purpose was to assemble a contemporaneous biologic-naïve cohort with whom patients starting biologic treatment could be compared for both efficacy and adverse events. The nbDMARD cohort was required to have active RA at recruitment (target DAS28 >4.2) despite current treatment with at least one nbDMARD.
Baseline assessment and follow-up
Baseline data including demographics, disease characteristics, current and previous nbDMARD exposure, current drug therapy, comorbidity and smoking status were reported by the clinical team at registration. Patients were asked to complete a version of the Stanford HAQ, modified for use in the UK, to indicate their level of physical disability at baseline [8] . Malignancies occurring prior to the start of the study and throughout the study were ascertained through flagging all participants with the National Health Service (NHS) Information Centre (NHS-IC) for England and Wales and the Scottish and Northern Irish Cancer Registries. Patients were not excluded from the analysis if they had a prior cancer.
Patients were followed until death, initiation of biologic therapy, 31 December 2009 or last returned follow-up form, whichever came first. Deaths were identified by flagging with NHS-IC for England, Scotland and Wales; and Health and Social Care Northern Ireland for Northern Ireland. These agencies provided details of the date and cause of death [coded to the underlying cause of death using the International Classification of Diseases version 10 (ICD-10)]. Changes to therapy, including initiation of biologics, were reported on clinical questionnaires every 6 months for 3 years and annually thereafter. Although the analysis was censored at the end of 2009, data were collected until June 2011, which allowed 18 months for a lag in cancer reporting by the agencies to BSRBR.
Ascertainment of cancers
The BSRBR received reports of incident cancer from a number of sources: patient diaries, clinical follow-up forms, via a malignancy Event of Special Interest pro forma that can be downloaded by health care professionals from the BSRBR web site and returned at any time [9] and from the national cancer agencies. For this analysis, only cancers reported from the cancer agencies were included to reduce reporting bias and facilitate comparison with national cancer rates published by the Office for National Statistics (ONS) [10] .
Cancers were reported to the BSRBR by the cancer agencies using ICD-10 and the International Classification of Diseases for Oncology morphology codes (ICD-O) [11] . Registration of cancers is mandatory in the UK and overall completeness is >99% [12] . All malignancies were included in this analysis except for non-melanoma skin cancers (ICD-10 code C44) because we have published on this previously [13] .
Statistical analysis
Standardized incidence ratios
The primary outcome measure was incident cancer, defined as ICD-10 C00C97 excluding C44 [11] . Standardized incidence ratios (SIRs) were calculated by dividing the number of observed cancers in the nbDMARD cohort by the number of cancers which would have been expected if the rate in the RA cohort was the same as in the general population and then multiplying by 100. Gender-, 5 year age-and calendar year-specific population rates for England were applied to the corresponding person-years (pyrs) of follow-up in the BSRBR (indirect standardization) to obtain the expected number of cancers. Population rates for England were derived from tables published annually by the ONS [10] and applied to the entire cohort, since the BSRBR comprises too few people in Northern Ireland, Scotland and Wales to calculate SIRs separately for each country. CIs around the SIRs were calculated assuming a Poisson distribution of cases. As well as overall cancer, an SIR was calculated separately for solid cancers (defined as ICD-10 codes C0080 excluding C44) and myeloand lymphoproliferative cancers (ICD-10 C8196). Site-specific SIRs were calculated for sites where there were either at least five incident or expected malignancies.
Factors associated with incident cancer
The following baseline characteristics were analysed as possible predictors of first incident malignancy: RA disease duration, disease activity measured using DAS28 (<3.2, 3.25.1, >5.1), physical function measured using HAQ, prior or current exposure to ciclosporin, AZA or CYC (analysed together due to low proportion of users for each drug), current exposure to NSAID, cancer prior to registration with BSRBR and smoking status (never, prior, current) as reported by the clinical team.
Poisson regression models, adjusted for age (in 5-year age bands) and gender using England population data, were used to determine which characteristics were associated with incident malignancy during follow-up and the results are presented as relative risks (RRs) per year with 95% CIs. Models were adjusted for age and gender by multiplying England population rates of cancer stratified by gender and 5-year age bands by duration of follow-up and including the product as the exposure term. Multiple imputation was used to minimize bias due to missing baseline data. Twenty data sets were imputed using chained regression and analysed using the ICE package in Stata (StataCorp, College Station, TX, USA).
All analyses were conducted using Stata version 10.1. The subjects' written consent was obtained according to the Declaration of Helsinki. The BSRBR study has been approved by the North West Multicentre Research Ethics Committee.
Results
The cohort comprised 3771 individuals with RA contributing 13 315 pyrs of follow-up to the analysis; median 3.7 years [interquartile range (IQR) 2.1, 4.9]. The cohort was predominantly female (72%), mean age 60 years (S.D. 12 years) ( Table 1 . The median number of previous nbDMARDs at baseline was 2 (IQR 1, 3). The majority of the cohort was receiving monotherapy at baseline (2638, 70%), with MTX being the most frequent drug (1453, 55%). A third of the cohort were receiving combination therapy at baseline (1133, 30%), of whom 964 (85%) were taking MTX. The proportion of missing baseline data was low (Table 1) .
Six hundred and sixty-three participants (18%) were censored prior to 31 December 2009 due to initiation of biologic therapy. In those switching to biologic therapy, median time to switching was 1.9 years (IQR 1.0, 3.3 years). Three hundred and thirty-one subjects (9%) died after a median follow-up of 2.6 years (IQR 1.3, 3.8 years).
SIRs
All cancers excluding non-melanoma skin cancers (ICD 10 C00C97 Â C44)
One hundred and eighty-two cancers were reported, equating to a crude incidence rate of 1.37/100 pyrs (95% CI 1.18, 1.58; Table 2 ). None of the participants had more than one incident cancer reported during follow-up. Overall, the risk of cancer was increased by 28% in the cohort compared with the general population (SIR 1.28, 95% CI 1.10, 1.48). Since population cancer rates were for England only, this analysis was then restricted to include nbDMARD subjects living in England (SIR 1.39, 95% CI 1.19, 1.62).
Solid cancers
Solid cancer was reported in 156 subjects; crude incidence rate 1.17/100 pyrs (95% CI 0.99, 1.37) ( Table 3 ). When restricted to lymphomas, the risk was higher (SIR 3.81, 95% CI 2.36, 5.82). More than two-thirds of lymphomas were non-Hodgkin lymphoma (NHL). Although Hodgkin lymphoma was rare in this cohort, the risk was 13-fold higher than that in the general population (Table 3) .
Factors associated with incident cancer
In multivariate analysis, both current and prior smoking history were associated with incident cancer (RR 2.53, 95% CI 1.62, 3.95 and RR 2.09, 95% CI 1.40, 3.12, respectively). RA disease duration of <3 years and exposure to one or more of the nbDMARDs AZA, ciclosporin or CYC were significantly associated with incident cancer in this cohort (Table 4) .
Discussion
Overall, participants in this cohort study had a 28% increase in cancer compared with the general population. The risk of lung cancer, Hodgkin lymphoma and NHL were increased. Male participants had a reduced risk of prostate cancer and females had a reduction in cancers of the genital organs. In multivariate analysis, both current and previous smoking at baseline were associated with a more than 2-fold RR of cancer. It is well established that smoking is a risk factor for cancer in the general population and we were unable to ascertain in this analysis whether the magnitude of risk differs in people with RA. Rheumatoid disease duration of <3 years was associated with a 50% increased RR. While increasing cancer risk with RA disease duration has been described [14] , the pattern of increased risk in early RA and following recruitment to a study has been observed elsewhere [15, 16] and may in part be due to unmasking of prevalent cancers (surveillance bias).
Exposure to AZA, ciclosporin or CYC was associated with a 65% increased RR for incident cancer but only 367 participants (10%) had received these less commonly used nbDMARDs. These drugs are known to be associated with increased cancer risk, and the risk appears to be related to the dose of immunosuppressant [1721] . In the context of RA, it is noteworthy that they are usually reserved for patients with more severe disease that have failed treatment with other nbDMARDs. The observed association in the BSRBR data may actually reflect underlying disease severity, although an association between cancer risk and other markers of disease severity (HAQ, DAS28) was not observed in this study.
The observed increased risk of cancer compared with the general population may be due in part to shared genetic risk factors for RA susceptibility/severity and malignancy. For example, the HLA-DRB1 shared-epitope genotype has been shown to be associated with mortality due to malignancy in RA, particularly *0101 genotypes [22] . However, genetic risk factors were not addressed in the BSRBR data.
In this study, there was a marked reduction in risk of both prostate cancer and female genital cancers. A recent population-based study using the Californian discharge register also reported reduced risk of ovarian, uterine, cervical and prostate cancers in subjects with RA [23] . Other studies do not confirm these findings [14, 2426] but may have lacked power to detect these less common cancers. It has been hypothesized that inflammation plays a role in the pathogenesis of prostatic and female cancers, and that NSAIDs (in particular aspirin) may be chemoprotective against them [2729], although not all studies have reported an association [30, 31] . It is hard to attribute the reduced risk of these cancers in this study to NSAID use since we neither found a difference in risk of either colorectal or breast cancers, for which a protective role for NSAIDs has been established [4, 32] nor was NSAID use associated with cancer in regression analysis.
The finding of this study of an increased risk of both NHL and Hodgkin lymphoma has been widely reported previously and supported in meta-analysis [1, 14, 14, 23, 25, 26, 33] . Evidence for the role of chronic inflammation in this increased risk of lymphoma comes from a large casecontrol study from Sweden [3] . Three hundred and seventy-eight consecutive subjects with RA diagnosed with lymphoma were matched to 378 RA controls without registered cancer. Overall burden of disease activity from RA diagnosis to lymphoma date was assessed and split into deciles. Compared with the first decile (lowest cumulative disease activity), marginal increases in lymphoma risk were seen up to the seventh decile. The risk of lymphoma then rose steeply, and for those patients with highest cumulative disease activity the odds ratio for lymphoma was 61.6 (95% CI 21.0, 181.1) [3] . One might hypothesize that due to current practice of early treatment of RA and tighter control of disease activity the risk of lymphoma would be lower now than in historical RA cohorts but this was not borne out in this study. However, participants in the BSRBR were required to have active RA despite treatment with nbDMARD at registration and so they may represent a cohort with more severe RA than the general RA UK population. Furthermore, almost 40% of the cohort had >10 years of RA at baseline, and so may not have benefitted from more aggressive treatment from the outset.
This study included subjects treated with nbDMARD and did not include people exposed to biologic therapies such as anti-TNF. A degree of uncertainty remains regarding the influence (if any) of biologic therapies on site-specific cancer risk in RA. When evaluating this risk, the influence of previous exposure to nbDMARD, particularly AZA, ciclosporin or CYC, needs to be considered carefully.
A strength of this study was the flagging of all participants with the national cancer registries to identify incident cancers, which has near-complete capture of cases. However, there is a lag in the reporting of cancers from www.rheumatology.oxfordjournals.org regional centres to the national cancer agencies who collate and validate events [34] , and the most recently published population data are for 2009.
The limitations of cohort studies need to be borne in mind when interpreting these findings. The overall RR of cancer was higher in this study than in several other observational studies [1416, 2426, 33] . Recruitment to this BSRBR nbDMARD-only cohort took place in parallel with recruitment to a cohort of subjects commencing anti-TNF. It is possible that patients considered to be at high risk for developing cancer may have been preferentially recruited to the nbDMARD-only cohort if it was felt they were unsuitable for anti-TNF. In addition, patients are not screened for cancer when starting nbDMARD in routine clinical practice and so it is possible that unmasking of certain cancers, such as lymphomas, may have occurred shortly after starting nbDMARD therapy. Since this study comprised a population exposed soley to nbDAMRD, this effect may have lead to an increase in the apparent risk of cancer.
Although we found an overall increase in cancer in subjects with RA, it should not be interpreted as a causal association. For example, the association between RA and lung cancer may be partly explained by the shared risk factor of smoking [35] . Other factors, such as socioeconomic status, may also be important. The cohort comprised mostly white participants and may not be generalizable to people from other ethnic groups. The BSRBR included subjects from around the UK but UK-wide rates of cancer in the general population were not available. In this analysis, all BSRBR participants were included and compared with age-and gender-adjusted rates of cancer in England only. While the majority of the cohort lived in England (85%), the SIRs for all cancers, solid cancers and myelo-and lymphoproliferative cancers were around 10% higher when those living in Northern Ireland, Scotland or Wales were excluded. This may reflect both regional differences in cancer risk and differences in promptness and completeness of registration of cancers with the national cancer agencies [36] .
In conclusion, the incidence of cancer was increased by 28% in this national cohort of subjects with RA compared with the general population. While there was an increased risk of NHL, Hodgkin disease and lung cancer, the risk of prostate and female genital cancers was reduced. Smoking was the strongest independent risk factor of cancer within the RA cohort. The association of RA with certain cancers and the underlying cancer risk in patients treated with nbDMARDS needs to be considered when studying the effects of biologic therapy, such as anti-TNF, on cancer risk.
Rheumatology key messages
. The risk of lung cancer and lymphomas is increased in people with established RA receiving nbDMARD. . The risk of prostate cancer is reduced in people with established RA receiving nbDMARD. . The risk of female genital cancer is reduced in people with established RA receiving nbDMARD. 
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